INTRODUCTION
Eukaryotic DNA replication initiates with the binding of a six-subunit origin recognition complex (ORC) to multiple sites on the chromosomes called the origins of replication in the M and G 1 phases of the cell cycle. Thereafter, Cdc6 and Cdt1 are recruited to the ORC bound origins followed by loading of the replicative helicase, Mcm2-7 (mini chromosome maintenance) complex, assembling the prereplicative complex (1) . Recent work suggests that activation of pre-replicative complex occurs during the late G 1 or early S phase when Dbf-dependent kinase (DDK) phosphorylates the Mcm2-7 helicase, promoting the stable recruitment of replication proteins, Sld3 and Cdc45. Activation of S-phase CDKs (Cyclin E/Cdk2 and Cyclin A/Cdk2) leads to phosphorylation of Sld3 promoting its binding to TopBP1 as well as recruitment of GINS complex and DNA polymerase epsilon to the origins of replication. The unwound single strands are stabilized by RPA (the single-stranded DNA binding protein), and the DNA polymerase alpha-primase is next loaded to the unwound origins. The first RNA-primed DNA fragments are synthesized by DNA polymerase alpha thereby beginning DNA synthesis.
The stage of replication initiation at which Mcm10 is recruited to the origins remains debatable and may vary between species (2-7). In Xenopus and humans, the chromatin-bound Mcm2-7 helicase complex is essential for the loading of Mcm10 (6, 8) . Though previous studies claim that Mcm10 associates with chromatin before DDK and S-CDK are activated, recent studies demonstrate that Mcm10 is recruited after the activation of S-CDKs (7, 8) . The essential role of Mcm10 in initiation and elongation of DNA replication has been exhibited across species (2) (3) (4) (5) (6) . Mutations in Mcm10 lead to stalled replication and cell cycle arrest (5, 9) . It has been shown that Mcm10 physically interacts with and stabilizes DNA polymerase alpha and helps to maintain its association with chromatin (2, 3) . Controlled proteolysis of the Xenopus laevis Mcm10 revealed N-terminal-, internal (ID)-and C-terminal (CTD)-structured domains. DNA binding activity of Xenopus Mcm10 was mapped to the ID and CTD, both of which bind to single-and double-stranded DNA (10) . The ID and CTD domains retain the ability to independently bind to the N-terminus of the p180 subunit of DNA polymerase alpha-primase. Electron microscopic analysis of human Mcm10 reveals a ring-shaped hexamer with large central and smaller lateral channels and a system of inner chambers suggesting a docking module for assembly of the molecular machinery required for eukaryotic DNA replication (11) .
The activity of key cell cycle and replication proteins is regulated by ubiquitination, the specificity being dictated by E3 ubiquitin ligases (12) . The largest family, ring-finger domain E3 ligases, comprises multimeric cullin-based E3 subfamily (CRL) and monomeric RING finger E3s (13) . A prototype CRL consists of a core cullin protein, with a 150 amino acid cullin domain which mediates binding to the ring-finger protein (14, 15) . The 'substrate recognition subunit' which defines the target is linked to the cullin via an 'adaptor protein'. In humans, there are more than seven different cullin proteins, which associate with distinct adaptors and substrate recognition subunits, thereby generating numerous functional E3 ligases each with a distinct specificity. The role of Cul1-based CRLs comprising Cul1, Rbx1 with Skp1 as an adaptor protein and Skp2 as substrate recognition subunit, has been well established in cell cycle progression (16, 17) . However, the role of Cul4-based E3 ligase was realized later after the discovery of its function in mediating the radiation triggered degradation of CDK inhibitor, p21 and replication initiator, Cdt1 (18) (19) (20) . It was discovered that the unperturbed S phase degradation of p21 is carried out redundantly by two E3 ligases: SCF SKP2 as well as Cul4-dependent CRL4
CDT2 (20, 21) . UV-triggered degradation of replication initiator, Cdt1, is dependent on Cul4, Cdt2, PCNA and DDB1, establishing the vitality of the CRL4 complex in stress response (22) (23) (24) (25) (26) . DDB1 is known to accumulate at the site of DNA damage having a crucial role in nucleotide excision repair (27, 28) . Further, it was observed that the xeroderma pigmentosum (XP) group E cells lack DDB1 which causes a repair defect seen in these patients (29) . The crystal structure of the DDB1 complex which detects UV lesions provides useful insights into the mode of DNA damage recognition (30) . The association of DDB1 with Cul4-Roc1 E3 ligase is conserved from yeast to humans to regulate DNA repair and replication (31) . We have previously reported that Mcm10, an essential human replication factor, is selectively proteolyzed after UV-irradiation to inactivate the replication machinery (32) . In this study, we attempted to identify the ubiquitin ligase that mediates stressinduced Mcm10 proteolysis. We observed that Mcm10 downregulation is independent of the cell cycle regulatory E3 ligase, SCF Skp2 , and Cdt2, the substrate recognition subunit essential for Cdt1 ubiquitination. Our study demonstrates that human cells utilize CRL4
VprBP ubiquitin ligase to downregulate Mcm10 during stress.
MATERIALS AND METHODS

Cell culture, chemicals, antibodies, cell synchronization and FACS analysis
Cell lines were maintained in DMEM supplemented with fetal bovine serum and antibiotics. Specific chemicals and antibodies used in this study are mentioned in the supplementary data. To evaluate the effect of depletion of target gene on Mcm10 levels, HeLa and 293T cells were exposed to 200 J/m 2 UV radiation and were harvested after 4 h. HeLa cells were transfected with specific siRNA oligos consecutively for three days and then blocked with 9 mM RO-3306 for 18 h. For cell cycle analysis, the cells were fixed with 70% ethanol after washing with 1Â PBS. After fixing, the cell pellet was resuspended in 1Â PBS with 0.1% Triton X-100, 20 mg/ml RNase and 70 mg/ml propidium iodide, and then stained cells were analyzed by flow cytometry. The flow cytometry data were acquired on Becton Dickinson FACS Calibur machine by Cell Quest Pro software. Cell cycle analysis was done by Dean/Jett/Fox method using the FlowJo software.
RNAi silencing and reverse-transcriptase PCR
The siRNA sequences are available upon request. Transfection of siRNA targeting endogenous genes was carried out using Lipofectamine 2000 (Invitrogen). We transfected 40-80 nM siRNA duplexes on three consecutive days, and the cells were harvested 24 h after the last transfection to evaluate the levels of protein and mRNA by immunoblotting and reverse-transcriptase PCR, respectively. For reverse-transcriptase PCR, RNA was extracted using the TRIzol method, and 0.25-1 mg RNA was used for cDNA synthesis. The primers used for PCR are described in Supplementary Data.
Immunoblotting, immunoprecipitation, ubiquitination and interaction studies
Cells of almost equal confluency were lysed in proportionate volumes of Laemmli buffer for immunoblotting. For immunoprecipitation, cell lysate was incubated with specific antibody along with protein A sepharose, and after washing, it was eluted with Laemmli buffer. For in vivo ubiquitination studies, 293T cells were transfected with HA-tagged DDB1, Cul4a and Roc1 (CRL4-DDB1), HA-tagged ubiquitin or myc-tagged Mcm10 followed by immunoprecipitation using myc antibody. To study in vitro ubiquitination of Mcm10, 293T cells were transfected with HA-tagged DDB1, Cul4, Roc1 or VprBP. Endogenous Mcm10 and HA-tagged proteins were immunoprecipitated separately, and the HA tagged proteins were eluted with HA peptide. Immunoprecipitated Mcm10 was incubated with the purified HA proteins in the presence of E1, E2 (UbcH5c), biotinylated-ubiquitin, ATP, MG132 for 1 h at 37 C. To identify the interacting domains of Mcm10 and VprBP, plasmids expressing Mcm10 and VprBP were co-transfected and immunoprecipitation was carried out. To test the binding between purified Mcm10 and VprBP, His-tagged Mcm10 (cloned in pET28a vector) was purified on nickel-NTA column (Qiagen) and eluted with 0.25 M imidazole. Escherichia coli expressing GST-tagged VprBP was lysed in binding buffer (50 mM sodium phosphate buffer, pH 7.4, 450 mM NaCl, 1% Triton X-100), and clarified supernatant was incubated with glutathione agarose column, pre-blocked with 5% BSA. After binding for 3-4 h at 25 C, beads were washed to remove the unbound protein. His-tagged Mcm10 was incubated with the GST-tagged protein bound to glutathione beads for 1.5 h at 25 C, and the co-immunoprecipitated protein was identified by immunoblotting with anti-Mcm10 antibody.
RESULTS
Requirement of factors for UV-triggered Mcm10 degradation
To identify the E3 ligase mediating the UV-triggered degradation of Mcm10, putative E3 ligase components were silenced by RNAi. HeLa cells were transfected with specific siRNA duplexes on three consecutive days, exposed to UV 24 h after the last transfection and harvested 4 h later. Protein bands were quantitated, and the levels of Mcm10 were expressed after normalizing with a non-specific band. We tested the requirement of the substrate-recognition subunits: PCNA and Skp2, which are essential for Cdt1 degradation. In PCNA and SKP2 siRNA-transfected cells, the level of Mcm10 was reduced to 19% and 25%, respectively, after UV-irradiation implying that silencing of these genes do not alter the UV-triggered Mcm10 downregulation ( Figure 1A) . Silencing of PCNA effectively inhibited its function as evidenced by reduction of UV-triggered Cdt1 proteolysis ( Figure 1A , part ii). Skp, Cullin, F-box E3 ubiquitin ligase carries out the timely ubiquitination and subsequent degradation of many key cell cycle regulators, thereby mediating the progression from one phase of the cell cycle to the next. RNAi-targeted silencing of CUL1 reduced its protein to 25% of control levels, but it did not block Mcm10 degradation ( Figure 1B-D) . Cdt2 functions as a substrate recognition subunit mediating the stress-induced degradation of the replication protein, Cdt1. Though CDT2 silencing by RNAi reduced its protein to 22% of control levels, the proteolysis of Mcm10 remained unaltered ( Figure 1B) . Silencing of CDT2 alleviated the UV-triggered proteolysis of Cdt1, demonstrating that Cdt2 function was effectively debilitated ( Figure 1E ). Cdc20, Cdh1, FBXW7 and beta-TRCP function as substrate recognition subunits in mediating ubiquitination of various substrates. Depletion debilitated the function of these E3 ligases as indicated by the decrease of specific mRNA and protein levels as well as stabilization of substrates such as cyclin E ( Figure 1C It is known that DDB2 functions as the substrate receptor for the DDB1-CUL4A-based E3 ligase, which ubiquitinates histone H2A in response to UV-irradiation (34) . The depletion of DDB2 leads to a minor reduction in the UV-triggered degradation of Mcm10, possibly by an indirect effect on the stability of Mcm10 (Figure 2A and B). The siRNA duplexes designed against DDB1, ROC1 or CUL4A+B significantly reduced the respective mRNA and protein levels (Figure 2A-C) . We observed that the Mcm10 protein was decreased to 22% following UV-irradiation. After DDB1 RNAi, Mcm10 decrease post-UV-irradiation was limited to 72%. This demonstrates that the silencing of DDB1 significantly reduces the UV-triggered degradation of Mcm10 (Figure 2A , top panel, compare Lane 2 with Lane 10). We also observed that after silencing the ring-finger protein, ROC1 or CUL4A+B, the Mcm10 protein was decreased to 69% and 57% of non-irradiated levels, respectively ( Figure 2A , compare Lanes 6 and 8 with Lane 10).
Therefore, Roc1, Cul4 and DDB1 are required for the UV-triggered degradation of Mcm10.
Since Mcm10 levels naturally oscillate during the cell cycle, we wanted to confirm if the stabilization of Mcm10 is due to the silencing of specific genes or due to changes in the cell cycle as a result of siRNA depletion of essential proteins (35) . Therefore, we simultaneously evaluated the cell cycle distribution after siRNA depletion of each target gene. It is important to note that the genes depleted by RNAi are essential for cell cycle progression, and therefore some variations in cell cycle distribution were observed ( Figure 2D ). Mcm10 is present in S and G 2 phases but is absent from G 1 phase, and therefore we determined the ratio of cells in the Mcm10 positive phase (S+G 2 ) to Mcm10 negative phase (G 1 ) after individual siRNA depletions. We hypothesized that if this ratio does not change significantly, then the variations in cell cycle are unlikely to contribute to the changes in Mcm10 levels. We observed that the population of cells present in the Mcm10 positive phase after siRNA transfection of GL2 (control), DDB1, DDB2, ROC1 and CUL4A+B were 48, 63, 51, 43 and 55%, respectively ( Figure 2D ). Therefore, the fraction of cells present in the Mcm10 positive phase did not vary significantly except after DDB1 silencing where the Mcm10 positive phase increased from 48% to 63%. However, a 15% increase in Mcm10 positive phase cells is unlikely to cause a significant stabilization of Mcm10 after UV-irradiation (compare Lane 2 with Lane 10 of Figure 2A ). Since UV triggers Mcm10 proteolysis throughout the cell cycle, accumulation within a particular phase will not affect the UVmediated downregulation (32) .
Mcm10 associates with DDB1, Cul4 and Roc1
We previously reported that upon UV irradiation, human Mcm10 protein is degraded by the 26S proteasome, and therefore our study revealed a mechanism by which mammalian cells effectively inhibit the replication machinery during stress (32) . To identify the E3 ligase that ubiquitinates Mcm10 following UV-irradiation, we evaluated the association of Mcm10 with Cullin 4-based E3 ligase (CRL4), comprising cullin, Cul4, ring-finger protein, Roc1 and adaptor protein, DDB1. Utilizing independent siRNAs, we have previously established the specificity of Mcm10 band detected by the anti-Mcm10 antibody used in the present study (32) . Mcm10 was efficiently immunoprecipitated from 293T cell lysates with antibody against Mcm10 ( Figure 3A , bottom panel). We resolved the same immunoprecipitate on a separate gel and probed it with anti-DDB1 antibody to identify the associated DDB1 ( Figure 3A , top panel). We detected endogenous DDB1 in Mcm10 immunoprecipitate, implying a natural association between the two proteins. Utilizing myc antibody for immunoprecipitation, we observed that myc-tagged Mcm10 associates with HA-tagged DDB1 ( Figure 3B , third panel). We also observed that HA-tagged Mcm10 is co-immunoprecipitated with myc-tagged DDB1 ( Figure 3C , third panel, Lane 2). Previous interaction studies have relied on overexpressed proteins as it has been difficult to observe an endogenous interaction, and we also observed that buffer extracted endogenous Roc1 and Cul4a were poorly detected (20, 33) . Therefore to evaluate the interaction of Mcm10 with Roc1 and Cul4a, 293T cells were transfected with plasmids expressing HA-tagged Roc1 or 
Complementation of Roc1 protein reverses the suppression of UV-triggered Mcm10 degradation
We tested if overexpression of siRNA-resistant ROC1 can reverse the suppression of UV-triggered Mcm10 degradation following Roc1 depletion. ROC1 siRNA (2) is complementary to the 435-455 nucleotide of ROC1 mRNA, which lies within the 3'-untranslated region. ROC1 siRNA (2) targets the endogenous mRNA without depleting the exogenous mRNA, which expresses only the coding sequence of ROC1. 293T cells were co-transfected with either GL2 or ROC1 siRNA (2) along with pcDNA3-HA-Roc1 on three consecutive days as indicated ( Figure 4A ). Twenty-four hours after the last transfection, the cells were exposed to UV, harvested 4 h later, and levels of Mcm10, endogenous Roc1 and exogenous Roc1-HA were analyzed. ROC1 siRNA (2) depleted the endogenous Roc1 protein, whereas the exogenous Roc1-HA protein was immune to siRNA depletion. To further authenticate that the stabilization of Mcm10 is due to DDB1 depletion and not due to the increased G 2 phase, we utilized a Cdk1 inhibitor, RO-3306, which inhibits the activity of Cyclin B1/Cdk1 and reversibly arrests human cells at the G 2 /M boundary (36) . Though the Ki of RO-3306 for Cdk1 is 35 nM and use of 9 mM may inhibit many other kinases, our objective to use RO-3306 was to synchronize GL2 and DDB1 siRNAtransfected cells, so that the effect of DDB1 depletion on Mcm10 levels could be assayed in equivalently distributed cell population. HeLa cells transfected with either GL2 or DDB1 siRNA for three consecutive days were incubated with DMSO or 9 mM RO-3306 for 18 h (Supplementary Figure S3A-B) . As observed previously, the combined S and G 2 phase increased from 48% to 61% 
Stabilization of Mcm10 following DDB1 depletion is not due to transcriptional regulation
After establishing the role of CRL4 in Mcm10 downregulation, we wanted to establish that the stabilization of Mcm10 is because of decreased proteolysis and not due to upregulated transcription of Mcm10 after DDB1 depletion. DDB1 depletion limited the UV-triggered Mcm10 proteolysis, but its mRNA levels did not increase, confirming that the Mcm10 stabilization is not due to transcriptional upregulation ( Figure 4B and C) . Though the RT-PCR is not quantitative but under similar PCR amplification conditions, the Mcm10 mRNA levels were reduced after siRNA depletion, suggesting that transcription of Mcm10 was not significantly upregulated after DDB1 depletion ( Figure 4C , part i and ii) (32) . Moreover, we observed Mcm10 stabilization within 2 h of UV-irradiation, a short time-period for transcription to affect protein levels ( Figure 4D ). We wanted to ascertain if the canonical DNA damage checkpoint pathway has a role in mediating Mcm10 downregulation. U2OS cells were treated with 300 nM UCN-01 (Chk1 inhibitor) for 4 h followed by UV exposure, and the cells were harvested 2 h later. Incubation with UCN-01 suppressed Mcm10 downregulation following UV-irradiation suggesting involvement of Chk1 in Mcm10 downregulation ( Figure  4E ). Treatment with 25 mM caffeine or 10 mM CGK 733, which inhibits PI3K kinases, suppressed Mcm10 proteolysis indicating that PI3K kinases may be involved in Mcm10 downregulation ( Figure 4F and G). 
Overexpression of CRL4-DDB1 generates ubiquitinated forms of Mcm10
DDB1-dependent E3 ligase ubiquitinates Mcm10 in vitro
To 
Substrate recognition subunit, Vpr-binding protein (VprBP) is essential for the UV-triggered Mcm10 degradation
To identify the substrate recognition subunit that targets Mcm10, we depleted the known DDB1 interacting proteins by RNAi and assayed the effect on UV-triggered Mcm10 degradation (Table 1) . It is known that human HIV1 arrests host cells at the G 2 phase, but the underlying mechanism still remains elusive (37) . Proteomic analysis identified a protein, VprBP (HIV Vpr-binding protein) that serves as the substrate recognition subunit for the Cul4A-DDB1 complex (38) (39) (40) IQWD1  WSB1  WDR5B  WDR32  WDR68  WDR23  KATNB1  DCAF11  DCAF17  WDR76  TLE3  WD21A  FBXW5  WDR82  NLE1  WDR40A  VprBP  NUP43  LIS1  WDSOF1  WDR53  RBBP5  IFRG15  PHIP  WDR57  WDR5  TRPC4AP  CSA  WDR61  WSB2  DET1  FBXW8  RBBP7  PWP1  DDB2 
VprBP binds to the C-terminal domain of Mcm10
To identify the domains of Mcm10 essential for forming a complex with VprBP, myc-tagged VprBP was expressed in 293T cells along with different regions of Mcm10 fused to HA-tag. The structural architecture of vertebrate Mcm10 has been determined, and the limited proteolytic digestion reveals an independently folded globular N-terminal domain (NTD) and inner domain (ID) connected to the C-terminal domain (CTD) via a linker region (10, 11) . We observed that the CTD domain, which is rapidly degraded after UV-irradiation, displays a robust association with myc-VprBP ( Figures 6E and 7A ). On the other hand when we expressed ID domain itself or in combination with NTD domain, a weak physical interaction with VprBP was observed. NTD and ID domains are resistant to UV-triggered degradation, suggesting that the binding may not be sufficient for UV-triggered degradation. Therefore, we conclude that VprBP binds to the CTD domain of Mcm10, causing its degradation.
Overexpression of NTD and ID domains of Mcm10 do not complement DNA replication post-UV irradiation
In the present study, we have expressed the UV-resistant NTD+ID domain, which does not interact with VprBP, and evaluated its effect on the rate of DNA replication following UV irradiation (Figure 7 ). HeLa cells were transfected with plasmid expressing the NTD+ID domain, and BrdU incorporation was measured with and without exposure to UV radiation in NTD+ID overexpressing and non-overexpressing cells ( Figure 7B , F1-F7). First, we observed that overexpression of NTD+ID fragment itself did not affect the rate of DNA replication significantly in non-irradiated cells (44.17% versus 57.44%) ( Figure 7B and Figure 7C , F8-F15 and Table 2 ). In contrast, we have previously observed that the BrdU incorporation was higher in full-length Mcm10-overexpressing cells ( domain which binds to both ss-and ds-DNA as well as the catalytic subunit of DNA polymerase alpha. It is also observed that Mcm10 deleted at the C-terminus is unable to interact with MCM complex or support cell growth (41) . Therefore, we conclude that the NTD and ID domains of Mcm10 are not able to attenuate the inhibition of DNA replication post-UV irradiation.
DISCUSSION
Since binding of Mcm10 to the origins of DNA replication causes activation of the pre-replicative complexes to initiate replication, we believe that during stress, this crucial step is targeted by ubiquitination machinery to arrest replication. Work in the last few years has established the essential role of Cul4 and DDB1 in the UV triggered degradation of replication initiator, Cdt1 and cyclin-dependent kinase inhibitor p21 (18) (19) (20) (21) 42) . We demonstrate that Mcm10 downregulation requires the Cul4-DDB1 complex but is independent of Skp2 or PCNA, the cofactors required for Cdt1 degradation (25, 26) . There are around 60 proteins predicted to interact with Cul4 or DDB1 (termed as DCAF: DDB1-and CUL4-associated factors) that serve as substrate recognition subunits (SRS). We depleted the known DDB1 interacting proteins by RNAi and assayed its effect on UV-triggered Mcm10 degradation. Though the efficiency of RNAi-mediated silencing of different target genes was variable, our screen identified VprBP as the substrate recognition subunit that targets Mcm10 (Table 1) . It is well accepted that HIV1-encoded protein, Vpr, is essential for inducing host cell cycle arrest (43, 44) . It was subsequently reported that Vpr mediates G 2 arrest by engaging an ubiquitin ligase complex containing DDB1 and Cul4. It was also reported that Vpr binding partner, VprBP, serves as a substrate recognition subunit in the degradation of unidentified factors that are required for cell cycle progression from G 2 to mitosis (38) (39) (40) (45) (46) (47) . We have discovered a target of Cul4-DDB1-VprBP ubiquitin ligase, and therefore it is quite likely that replication factors like Mcm10 may be targeted during HIV1 infection for accomplishing a cell cycle arrest. If that turns out to be true, it would explain how mammalian replication and cell cycle progression is subverted by HIV1. Our work alludes to the possibility that VprBP may be a key regulator of replication machinery, and its role in the stability of other replication factors should be investigated. It has also been demonstrated recently that VprBP-associated E3 ligase regulates the stability of uracil DNA glycosylase (48) . Significant research work has demonstrated the functions of VprBP-dependent ubiquitin ligase including the effect on cell cycle and the flexibility of VprBP to associate with different ubiquitin ligases for targeting substrates (49) (50) (51) (52) (53) . The VprBP-DDB1 complex is known to associate with ring-finger-based ubiquitin ligases targeting tumor suppressor, Merlin (54, 55) . The loading of Merlin to Roc1-Cullin4A-DDB1 ubiquitin ligase requires VprBP. We have previously reported that Mcm10 levels were not altered after exposure to gamma radiation or DNA damaging chemicals, and therefore we conclude that the downregulation of Mcm10 occurs by a pathway that is specifically induced by UV-mediated DNA damage (32) . Inhibitors of canonical checkpoint pathways were able to attenuate UV-triggered Mcm10 degradation, suggesting their role in Mcm10 downregulation ( Figure 4E-G) .
We have demonstrated that the complementation of Mcm10 partially obviates the UV-triggered inhibition of replication, and therefore downregulation of Mcm10 is pivotal in inhibiting replication upon UV-irradiation (32) . It is well documented that unwarranted activity of replication genes leads to incorporation of genomic lesions, and our study suggests that CRL4
VprBP ubiquitin ligase may prevent such aberrations (22, 56, 57) . The downregulation of Mcm10 occurs at higher doses of UV radiation and is temporally separated from instantaneous Cdt1 downregulation displaying the cellular resilience in responding to stress (58) . Our study suggests that CRL4
VprBP ubiquitin ligase may be involved in regulating the levels of other replication proteins and their identification would help us in completely understanding the role of this E3 ligase in cellular physiology. Mcm10 is a naturally oscillating replication protein which is proteolyzed during mitosis, and in a separate study, we have observed that Mcm10 proteolysis during mitosis is mediated by CRL4 VprBP (59) . In the present study, we have observed that p53-negative HeLa cells degrade Mcm10 post-UV-irradiation. Treatment with inhibitors of ATM/ATR kinases, CGK 733 and caffeine, reduced UV-triggered Mcm10 degradation. Since UCN01 also blocks Mcm10 downregulation, it is likely that UVinduced lesions activate the ATR and CHK1 kinases that lead to Mcm10 degradation. However, it has been observed that radiation triggered Cdt1 degradation was impervious to treatment with caffeine (19) . The authors also noted that siRNA depletion of Chk1, Chk2, ATM and ATR, singly or in combination, failed to block Cdt1 degradation. In contrast, UV-triggered degradation of p12 subunit of polymerase delta did not occur in conditional ATR À/À cells (60) . Therefore, the involvement of the canonical checkpoint pathway in the downregulation of replication proteins needs a detailed investigation in different genetic backgrounds. In conclusion, we establish that E3 ubiquitin ligase composed of Cul4, Roc1, DDB1 and VprBP imparts a vital role in regulating replication by mediating the stress-induced turnover of replication factor, Mcm10 (our model is described in Figure 6F ).
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